Abstract. The Yangtze River Delta (YRD) is one of the most densely populated regions in China with severe air quality 14 issues, which has not been fully understood. Thus, in this study, based on one-year (2013) continuous measurement at a 15 National Reference Climatological Station (NRCS, 30.22 o N, 120.17 o E, 41.7 m a. s. l) in the center of Hangzhou in the YRD, 16 we investigated the seasonal characteristics, interspecies relationships, and the local emissions and the regional potential 17 source contributions of trace gases (including O 3 , NO x , NO y , SO 2 and CO) and particulate matters (PM 2.5 and PM 10 ). Results 18 revealed severe two-tier air pollution (photochemical and haze pollution) occurred in this region, with frequent exceedances 19 in O 3 (38 days) and PM 2.5 (62 days). O 3 and PM 2.5 both exhibited distinct seasonal variations with reversed patterns: O 3 20 reaching a maximum in warm seasons (May and July) but PM 2.5 in cold seasons (November to January). The overall results 21 from interspecies correlation indicated a strong local photochemistry favoring the O 3 production under a volatile organic 22 compound (VOC)-limited regime, whereas it moved towards an optimum O 3 production zone during warm seasons, 23 accompanying with a formation of secondary fine particles under high O 3 . The emission maps of PM 2.5 , CO, NO x , and SO 2 24 demonstrated that local emissions were both significant for these species on seasonal scale. The contributions from the 25 regional transports among inland cities (Zhejiang, Jiangsu, Anhui, and Jiangxi Province) on seasonal scale were further 26 confirmed to be crucial to air pollution at NRCS site by using the backward trajectories simulations. Air masses transported 27 from Yellow Sea, East Sea, and South Sea were also found to be highly relevant to the elevated pollutants, especially for 28 2 region, specifically elucidates the role of local emission and regional transport, and interprets the physical and photochemical 32 processes during haze and photochemical pollution episodes. Moreover, this work suggests that cross-regional control 33 measures are crucial to improve air quality in the YRD region, and further emphasizes the importance of local thermally 34 induced circulation on air quality. 35
transportation, industries, and urbanization regions in China, it has been became hot spot with air pollution problems over 66 the past three decades, together with the Pearl River Delta (PRD) and Beijing-Tianjin-Hebei (BTH) region. To date, 67 numerous combined studies of O 3 and PM 2.5 were implemented in representative urban cities in YRD region such as 68 To supplement the picture of air pollution in the YRD, we conducted continuous measurements of trace gases (O 3 , NO x , 82 NO y , CO, and SO 2 ) and particle matters (PM 2.5 and PM 10 ) during January-December 2013 at a regional site NRCS (National 83
Reference Climatological Station) in Hangzhou, which is also an integrated measurement site for the research of climate 84 change and atmospheric environment. This study presents the first results of one-year measurements of trace gases and 85 particle matters in the urban area of Hangzhou, investigates the characteristics and cause of these chemicals by discussing 86 their seasonal characteristics, interspecies correlations, the concentration dependence on local emission and regional 87 transport, and the specific photochemical pollution and haze case, respectively. 88 2 Introduction to the experiment, meteorological conditions, and methodology 89
Site description 90
Hangzhou is situated in the eastern coast of China and is one of the most developed cities in the Yangtze River Delta region. 91
It has 8.9 million population and 2.7 million vehicles according to the 2014 Statistical Bulletin of Hangzhou. It belongs to 92 the subtropical monsoon climate, with an average temperature of 17.0°C, relative humidity of 75% and rainfall of 1438 mm 93 over the past 30 years . In this study, all in-situ measurements of gaseous constituents, particles and 94 meteorological factors were conducted at NRCS site (30.22 o N, 120.17 o E, 41.7 m a.s.l) in the center of Hangzhou ( West Lake famous scenic spot (area, 49 km 2 ) and commercial and residential areas in the south of city. There are no local 97 industrial pollution sources around the site. Thus, all gaseous constituents at this site can be representative of the urban areas 98 in Hangzhou. 99
Measurements description 100
Measurements of trace gases, aerosols, and meteorological parameters were conducted at NRCS station during January-101
December 2013. Trace gases including O 3 , SO 2 , NO, NO y , and CO were detected by a set of commercial trace gas analyzers 102 (Thermo Environmental Instruments Inc., USA i-series 49i, 43i, 42i, 42i-Y, and 48i), respectively, with a resolution of 1 min. 103
All the instruments are housed on the top floor of a laboratory building, which sits on the top of a hill about 40 m above the 104 ground level. Ambient air was drawn from the 1.5 m above the rooftop to the laboratory building through a manifold 105 connected to O 3 , SO 2 , NO and CO analyzers with PFA Teflon tubes (inside diameter: 2 cm). A separate sample line with a 106
MoO converter was used for NO y analyzer. All trace gas analyzers were weekly span and daily zero checked, and multi-107 point calibration was made once a month. 108 Ambient PM 2.5 samples were collected using co-located Thermo Scientific (formerly R&P) Model 1405D samplers. The 109 sensor unit contains the two mass measurement hardware systems that monitor particles that continuously accumulate on the 110 system's exchangeable TEOM filters. PM-Coarse and PM 2.5 particulate, split by a virtual impactor, each accumulate on the 111 system's exchangeable TEOM filters. By maintaining a flow rate of 1.67 L·min -1 through the coarse sample flow channel 112 and 3 L· min -1 through the PM 2.5 sample channel, and measuring the total mass accumulated on each of the TEOM filters, the 113 device can calculate the mass concentration of both the PM 2.5 and PM Coarse sample streams in near real-time. TEOM filters 114 must be replaced before the filter loading percentage reaches 80% to ensure the quality of the data generated by the 115 instrument. For PM, the precisions of this instrument were 2.0 µg cm -3 for 1 h average and 1.0 µg cm -3 for 24 h average. 116 Table 1 shows the monthly averaged meteorological parameters at NRCS station, suggesting distinct characteristics of air 118 temperature in winter and summer in this region, with monthly averages from ca. 5 o C in Janurary to ca. 32 o C in July. High 119 relative humidity (RH) and a large amount of rainfall appeared in June (346 mm in total), and oppositely less precipitation 120 and low RH in autumn and winter. Note that the seemed high RH and large rainfall occurred in October was due to an 121 extremely synoptic event on 7 October, 2013 with the daily total rainfall of 91 mm. In addition, the wind rose implied that 122 the prevailing wind was from northwest in autumn, north in winter, and from southwest in spring and summer (See Fig. S1 per day at starting times of 00:00, 6:00, 12:00, and 18:00 UTC (08:00, 14:00, 20:00, and 02:00 LT, respectively). The 133 method used in trajectory clustering was based on the GIS-based software TrajStat (Wang et al. 2004) . 134
Meteorological characteristic 117

Potential source contribution function 135
The potential source contribution function (PSCF) is widely used to identify regional sources based on the HYSPLIT model. 136
The zone of concern is divided into i×j small equal grid cells. The PSCF value in the ij-th cell is defined as mij/nij, where n ij 137 is denoted as the numbers of endpoints that fall in the ij-th cell and m ij represents the numbers of "polluted" trajectory 138 endpoints in the ij-th cell. In this analysis, average concentrations were considered as the "polluted" threshold (Hsu et al., 
Geopotential height (GH) 150
The geopotential height (GH) fields derived from the National Center for Environmental Prediction (NCEP) global Final 151 (FNL) reanalysis (http://rda.ucar.edu/datasets/ds083.2/) are typically used to classify the synoptic types (Miao et al., 2017b) . 152
In this study, daily GH fields at the 925 hPa level from the NCEP-FNL reanalysis covering the region (100-135 o E, 20-50 o N) 153 were classified to the prevailing synoptic types during photochemical pollution and haze episodes as discussed in Section 3.5. 154
The NECP-FNL reanalysis was produced from the Global Data Assimilation System, which continuously assimilates 155 observations from the Global Telecommunication System and other sources. O 3 , about 38 days exceedances (93 ppbv for 1 h average for the Grade II CAAQS) in whole were found during the whole 165 period, mostly covering from May to September. It suggested Hangzhou was suffering from heavy haze and photochemical 166 pollution in cold and warm seasons. Concerning SO 2 , the annual mean was 10.9 ppbv in this study, nearly half of the yearly 167 mean of SO 2 Grade II CAAQS (21 ppbv). It was reasonably attributed to the powerful measure of Chinese government to 168 control the emission of SO 2 starting at 1990 (He et al., 2002; Qi et al., 2012) . Table 2 summarized a statistical analysis on 169 these species and listed the comparison with the previous results in other typical regions in China. In general, with respect to 170 all these chemicals, our results were generally comparable with those observed by other contemporaneous measurements in 171
Hangzhou and the other cities in YRD. As expected, regional differences between YRD, PRD, and BTH could be also found 172 as illustrated in Table 2 . For instance, observed PM 2.5 , PM 10 , and CO concentrations were higher in BTH than those in YRD Hangzhou than Nanjing in the presence of nearly identical NO 2 . Additionally, the daytime mean concentrations were 182 comparable with those at nighttime for PM 2.5 nearly in all seasons but higher for O 3 due to the daily variations in solar 183 radiation and air temperature, the reverse is true for CO, NO x , and NO y . 184 and larger rainfall in June (346 mm) than those in May (15 days) and July (5 days) during summertime (Table 1) . 201
Seasonal characteristics 185
For PM 2.5 and PM 10 , Fig. 2g and -2h both displayed overall well-defined seasonal variations with the maximum in winter 202 (December) and the minimum in summer (July). In cold seasons the emission of particulate matter is normally high due to 203 more emission of fossil fuels during heating in northern China (Zhang et al., 2009) , which contributed to the enhancements 204 of particle matters and other tracer gases (i.e., CO and NO x ) at NRCS site via long-distance transport (See discussion in 205 Section 3.4). Furthermore, in winter temperature inversion and low mixing layer contribute to decrease particle suspension 206 and advection (Miao et al., 2015a) . Also, dry/wet deposition should have strong seasonal variations because high 207 precipitation favors wet-deposition and high soil humidity, and the growth of deciduous plants may also favor the dry 208 deposition of particle matter in warm seasons ). The relatively low concentrations of PM 2.5 and PM 10 in 209 summer may be also partly due to an increased vertical mixing (i.e., a higher boundary layer height) and more convection 210 lasted until mid-February. Notably, the seasonal pattern for PM was similar to NO x , which suggested that traffic and heating 214 emissions were important to the PM 2.5 variation. 215
For other trace gases (CO, NO x , NO y , and SO 2 ), they all revealed clear seasonal variations but also some unique month-to-216 month variation patterns (Fig. 2a-2f and Fig. 2i ). Similar seasonal patterns among CO, NO x , and SO 2 were generally found 217 with pronounced minimums appearing in summer and higher levels in fall and winter. Similar reasons with particle matters 218 could interpret these seasonal patterns such as the variation in the boundary layer height and the long-distance transport as 219 mentioned above. The last but not the least was photochemistry. During summer, it's most active to accelerate the 220 transformation of primary gaseous pollutants, whereas in winter, weaker photochemical reaction cannot remove the gases as 221 quickly as in the warmer seasons from the atmosphere. 222 NO y concentration increased at the end of autumn, with a maximum in December together with a sharp peak of NO. Time 223 series implied that in December there was a multi-day episode of NO x with high mixing ratios of NO and NO 2 both reaching 224 up to 100 ppbv and these days were generally correlated with northwest wind, suggesting a fresh emission from factories in 225 the industrial zone in the northwest. The "potential ozone" O x (O 3 +NO 2 ) is usually used as an estimate of atmospheric total 226 oxidant (Lin et al., 2008). In summer (Fig. 2f) , an abnormally high level of O x (mainly as NO 2 ) was found in winter but for 227 O 3 decreased. The high level of NO 2 in O x was expected to be originated from the significant titration of high NO by O 3 in 228
November and December (Fig. 2a) . 229
As shown in Fig. 2i , SO 2 displayed a strong increase in winter but a significant drop in November. This pronounced 230 winter peaks were mainly due to the increased coal consumption for heating as mentioned above. The drop was associated 231 with the PM 2.5 maximum and a relatively high RH ( Fig. 2g and Table 1 ), suggesting a possible role of heterogeneous 232 reactions (Ravishankara, 1997) . 233
Inter-species correlations 234
Inter-species correlation could be normally used as an agent for acquiring some insights on their chemical formation, 235 removal processes, and interactions. As displayed in Fig. 3 -7, we presented scatter plots of O 3 -NO y , PM 2.5 -NO y , SO 2 -NO y , 236 CO-NO y , and PM 2.5 -O 3 correlations based on the whole dataset, respectively, and further discriminated these correlations 237 under typical environmental or meteorological impacts with color-coded parameters (i.e., relative humidity, air temperature, 238
and O 3 concentration). Clearly, overall negative correlation was found between O 3 and NO y during the whole period (Fig. 3) . 239
The color data showed that negative correlation mainly appeared with data of low air temperature, implying a remarkable 240 titration of freshly emitted NO with O 3 during the cold seasons and at nighttime. In contrast, a positive correlation between 241 O 3 and NO y dominated under high air temperature, which usually occurred in the daytime of warm seasons within a 242 moderate level of NO y (<150 ppbv). These findings suggested a strong local photochemical production of O 3 in summer, 243 leading to its seasonal variations as illustrated in Fig. 2a . 244
As illustrated in Fig. 4 , a good positive correlation was found between PM 2.5 and NO y , suggesting that PM 2.5 was highly 245 correlated with fossil combustion at this site. Some green data in the plot show very high NO y concentration together with 246
Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2017-777 Manuscript under review for journal Atmos. Chem. Phys. Discussion started: 15 September 2017 c Author(s) 2017. CC BY 4.0 License. low PM 2.5 , suggesting that high NO air masses during December. Fig. 4 exhibited that high RH data were very scattered but 247 not very high PM 2.5 /NO y , implying that negligible interference of humidity on TEOM PM 2.5 measurement during the study 248 period, even under high RH condition in summer. 249 SO 2 and NO y show a moderate to good correlation (See Fig. 5 ). Specifically, a better correlation and higher SO 2 /NO y ratio 250
were gained from air with low humidity. Nevertheless, the point distribution was much more scattered for the humid air 251 masses, and the ratio of SO 2 /NO y was clearly low, confirming a higher conversion of SO 2 to sulfate and/or deposition in the 252 humid condition (Khoder, 2002; Su et al., 2011) . In this study, the averaged ratios of SO 2 /NO y during 18 February-30 April 253 was lower as 0.017, compared with that previously reported at Lin'an during the same months twelve years ago (Wang et al., 254 2004) . It was mainly owing to a remarkable reduction of SO 2 emission from power plants but an increased NO x emission 255 associated with a huge consumption of petroleum fuels in the past decade in this region (Zhang et al., 2009 ). 256 are often observed in urban areas. However, if high BVOC emitters are common in urban areas, they could move the 268 VOC/NO x ratio toward optimal values for O 3 formation, and resulted in this ratio reaching in the city centers. As depicted in 269 Section 2.1, our study site is situated adjacent to Prince Bay Park (area, 0.8 km 2 ) and in the northeastern of West Lake 270 famous scenic spot (area, 49 km 2 ). For these two regions, they were both block green parks with high vegetation coverage. 271
Moreover, the primary tree species in these two regions are Liquidambar formosana and Cinnamomum camphora, 272 respectively, as major contributor to the emissions of isoprene and monoterpene (Chang et al., 2012), favoring the formation 273 of O 3 . Air masses from Prince Bay Park and West Lake famous scenic spot were confirmed to be transported to NRCS site 274 during warmer seasons, as illustrated in Fig. S1 and by the titration effect of high NO concentration, which was in relation to high primary PM 2.5 in cold seasons. 290
Dependences of pollutant concentrations on local emission and regional transport 291
To overview the impact of wind on the pollutants concentrations, we draw the seasonal wind dependence maps of pollutants 292 concentrations with wind sectors (See Fig. S2 in the Supplement for details). In total, similar seasonal patterns of wind 293 dependence map were found between CO and PM 2.5 , SO 2 , and NO y (NO x ), in good agreement with their seasonal patterns as 294 shown in Section 3.2. For CO and PM 2.5 , their top 10% concentrations were generally related with all the directions 295 throughout the year at speeds lower than 2 m s -1 while bottom 10% were associated with others direction wind except north 296 at higher wind speed. It's necessary to pay attention on the scatter points of top 10% concentrations distributed in north 297 direction with high wind speed. With respect to the wind direction and transport, as the wind speed increases, pollutants 298 concentrations should have been decreasing due to the more effective local dilution, thus the increase instead might indicate 299 potential sources in these directions. 300
To address this issue and further investigate the relative contribution of local emission and regional transport, we 301 employed the trajectory clustering and WPSCF, along the comparison with the emission inventories. The 72 h back 302 trajectories from NRCS site were computed by using HYSPLIT model for four seasons. As shown in Fig. 9a , we obtained 303 six clusters by the clustering algorithm for four seasons with seven dominant paths distributed in east (E), northeast (NE), 304 north (N), northwest (NW), west (W), southwest (SW), and southeast (SE). The length of the cluster-mean trajectories 305
indicates the transport speed of air masses. In this analysis, the long and fast moving trajectories were disaggregated into 306 groups originating from more distant SE and SW regions during summer and NW and N regions during other seasons. 307
Member of this cluster have extremely long transport patterns, some of them even cross over Inner Mongolia and Mongolia 308 (e.g., N and NW). Trajectories belonging to S-SW and E-SE typically followed flow patterns from South Sea and Pacific 309
Ocean, respectively. Otherwise, some trajectories have short transport patterns, indicative of slow-moving air masses. Most 310 of the pollution episodes within this group are probably enriched from regional and local emission sources. Such trajectories 311 were also identified during every season in our study. For instance, the air masses associated with cluster 4 (in spring, 312
Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2017-777 Manuscript under review for journal Atmos. Chem. Phys. autumn, and winter) and cluster 1 in summer were predominantly originating from local areas and the nearby provinces with 313 significant pollution sources such as Jiangsu, Anhui, and Shanghai. 314 Table 3 summarizes the percentages of these identified trajectory clusters on seasonal basis and the corresponding mean 315 concentrations of PM 2.5 and other trace gases related to each trajectory cluster. As inferred from Table 3 , the clusters 316 exhibited larger variability and season dependence: the predominant clusters were W (42.66%) in spring, SW (53.89%) in 317 summer, NW (35.53%) in autumn, and N (54.91%) in winter, respectively. It's of interest to note that some trajectory 318 clusters with small percentages are remarkably related with high pollutants concentrations. In summer, a few PM 2.5 pollution 319 cases (only 8.42% of the summertime trajectories) with mean concentration as high as 51.5 µg m -3 were related with the N 320 trajectories travelling across well-industrialized cities cluster (i.e., Suzhou, Wuxi, and Changzhou). 321
Furthermore, we depicted the seasonal WPSCF maps (a), the corresponding zoomed maps (b), and the emissions maps (c) 322
for PM 2.5 , O 3 , CO, NO x , and SO 2 , respectively, denoted with alphabets a, b, and c in the figure captions. Here we presented 323 the results of two representative species PM 2.5 (Fig. 9a, -9b , and -9c) and O 3 (Fig. 10a, -10b ) and those of the other species 324
were included in the Supplement (Fig. S3a, -S5c) . Judging from the WPSCF maps, together with their corresponding 325 zoomed views and the calculated emissions maps, a few distinct features were summarized: (1) Local emissions were both 326 significant for the primary pollutants such as CO (Fig. S3) , NO x (Fig. S4 ), SO 2 (Fig. S5) , and PM 2.5 (Fig. 9 ) on seasonal scale. 327
For O 3 , local photochemistry dominated during spring, summer, and autumn (Fig. 10a, -10b ) due to strong photochemical 328 reactivity; (2) long transports from Yellow Sea, East Sea, and South Sea were also important potential sources for NO x (Fig. 329 S4a) and O 3 (Fig. 10a, -10b) Province during winter. In total, along with the air mass trajectories, the WPSCF maps for these primary pollutants were 336 generally in line with their respective corresponding species' emissions (Fig. 9c, -S3c , -S4c, and -S5c). Although no 337 seasonal patterns in emission maps were found, the emissions of these pollutants exhibited interspecies similarity and strong 338 spatial dependence with industrialization level. Note that the emission of NO x was significant from South Korea (Fig. S4c)  339 where high WPSCF values were found in autumn (Fig. 10a) , indicating a remarkable source to the surface O 3 of NRCS 340 through the northeasterly transport. 341
In terms of PM 2.5 , the potential sources showed distinct seasonal variations such as southeastern regions of Jiangxi 342
Province and northwestern area of Zhejiang Province during spring and in the western city of North Korea (Pyongyang) and 343
South Korea (Seoul) with the northeasterly air mass across Yellow Sea during summer. As illustrated in Fig. 9a and -9b , the 344 contributions from local emission were both found to be more significant for autumn and winter than spring and summer, 345 covering all the cities in Zhejiang Province especially for the southern and southwestern part (e.g., Lishui, Jinhua, and 346 To elucidate the specific causes of high PM 2.5 and O 3 episodes including the transport and local photochemical formation, we 369 chose two typical cases for detailed interpretations and are presented here. In this study, the haze pollution episode is defined 370 as the event that continuous days with daily averaged PM 2.5 concentration exceeding 75 µg m -3 , which has been also used to 371 distinguish non-haze and haze episode in other studies (Yu et al., 2014; Wu et al., 2016a) . With respect to this campaign, 372 there were two non-haze episodes (Phase Ι (28 Nov.-3 Dec.), Π (10-12 Dec.)), and their subsequent severe haze pollution 373 episodes (Phase Ш (2-9 Dec.) and IV (13-15 Dec.)) at NRCS site, respectively, as illustrated in Fig. 11 . In the Phase Ш, it 374 showed that high PM 2.5 (up to 406 µg m -3 ) appeared on 7 December and board PM 2.5 peaks (around 300 µg m -3 ) occurred 375 before and after two days. Simultaneously, CO, SO 2 , and NO x also reached very high levels on this day, confirming that the 376 common origin of CO and PM 2.5 from heating and combustion and the rapid conversion of SO 2 and NO x to sulfate and 377 nitrate in PM 2.5 in winter. But for O 3 , its level reached as low as 11.5 ppbv at 15:00 LT on that day, owing to the weak 378 photochemical activity under the severe haze pollution. Along with the high NO 2 concentration (around 120 ppbv), it could 379 Moreover, according to the results obtained from the backward trajectory cluster and WPSCF analysis during 2-9 383
December, 2013 (Fig. S6 in the Supplement), we found an apparent contribution from the transported air mass from 384 northwest region such as Jiangsu Province and Anhui Province. Our results were in good agreement with contemporaneous 385 measurement in Hangzhou (Wu et al., 2016a) . Subsequently, at the end of this episode significant drops of these species 386 except O 3 were observed from 00:00 LT to 23:00 LT on 9 December (i.e., 189 to 41.6 µg m -3 for PM 2.5 , 2.3 to 1.0 ppmv for 387 CO, and 145 to 47.9 ppbv for NO x ). Weather chart and wind data suggested that the region of NRCS was always controlled 388 by a strong continental high pressure system originating from northwest before 8 December (Fig. 12a-12f ), but rapidly 389 changed to be dominated under a strong marine high pressure system coming from east at 02:00 LT on 9 December (Fig.  390 12g-12h), which brought clean maritime air passing over Yellow Sea and thus caused such decreases in these pollutants. 391
However, it quickly turned back to be controlled under a continental high pressure system described above, carrying 392 pollutants from the city clusters to the NRCS site. It could account for the accumulations of these species during the 393 intermediate period (Phase Π). For the subsequent Phase IV with high PM 2.5 episode it was also found to be governed by a 394 stagnant high pressure over YRD region (Fig. S7) . 395
For the photochemical pollution events, we selected three cases with O 3 exceedances during May-August according to 396
Grade II standard of CAAQS as depicted in Section 3.1. As displayed in Fig. 13 , they were the Phase Ι (28-30 May and 20-397 22 June) with rapid buildup and decrease of O 3 within 3 days, Phase Π (9-12 July) representing a distinct accumulation 398 process of O 3 exceedances, and the Phase Ш (1-3 May, 20-22 May, and 9-11 August) with high O 3 levels within three 399 consecutive days. For 28 May in the Phase Ι, weather chart suggested that a strong anticlockwise cyclone located over YRD. 400
In this case, the cyclone (i.e., low pressure) caused favoring conditions, e.g., cloudy weather and high wind velocities, for 401 pollution diffusion. Then, a strong clockwise anticyclone from northwest, sweeping over cities cluster (i.e., Nanjing and 402 Shanghai), rapidly moved adjacent to NRCS site on 29 May. It carried the primary pollutants such as CO, SO 2 , NO x from 403 these megacities and secondary products (i.e., O 3 and some NO z ) were further produced via complex photochemical 404 reactions under such synoptic conditions. As orange shaded area shown in Fig. 13 , the hourly maximums of O 3 and PM 2.5 405 were observed as high as 141.2 ppbv and 135.8 µg m -3 at 13:00 LT on 29 May. Following this day, the cyclone again 406 dominated this region and caused sudden decreased in atmospheric pollutants. Also, similar case was found during 20-22 407
June under such changes in synoptic weather. For Phase Π (9-12 July), a typical accumulation process was observed with the 408 daily maximums of atmospheric pollutants increasing from 90.4 to 142.9 ppbv for O 3 , 77.6 to 95.3 µg m -3 for PM 2.5 , and 409 80.2 to 125.2 ppbv for NO y , respectively. The examination of day-to-day 925-hPa synoptic chart derived from NECP 410 reanalysis suggested that high pressure system governed over YRD during 9-11 July, with southwesterly prevailing wind. 411
The air masses recorded at this site mainly came from the most polluted city clusters in the southwest (e.g. Zhejiang, Jiangxi, 412 and Fujian Province). Meanwhile, the stagnant synoptic condition (i.e., low wind speed) favored the accumulation of 413 Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2017-777 Manuscript under review for journal Atmos. Chem. Phys. NO x /NO y close to 1, while lower NO x /NO y ratio for the photochemical aged air masses. In this study, for the haze events as 434 mentioned above, the average and maximum NO x /NO y ratios were as high as 0.80 and 0.99, respectively, indicating that 435 photochemical conversion of NO x is not absent but fairly slow. It was well consistent with the largely weaken 436 photochemistry due to the low intensity of UV radiation in winter. In contrast, during the photochemical pollution period, 437 they were low as 0.53 and 0.14 for the average and minimum ratio. The simultaneous measurements of atmospheric O 3 , NO x , 438 and NO y can provide an insight into calculating the ozone production efficiency (OPE) for different seasons. Kamens, R., Jang, M., Chien, C.J., and Leach, K.: Aerosol formation from reaction of_-pinene and ozone using a gas-phase 571 kinetics-aerosol partitioning model, Environ. Sci. Technol., 33, 1430 Technol., 33, -1438 Technol., 33, , 1999 Kang, H., Zhu, B., Su, J., Wang, H., Zhang, Q., and Wang, F.: Analysis of a long-lasting haze episode in Nanjing, China, 573
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